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TECHNICAL NOTE NO. 1205

DATA ON OPTIIMUM LERGTH, SHEAR STRENGTH, AND TENSILE
STRENGTH OF AGE-EARDENED 17S-T MACHINE -COUNTERSURK
RIVETS IN 755-T SHEET

By Evan H. Schuette and Donald F. Niles
SUMMARY

A serles of temsile-strength and shear-strength tests were made
on age-hardened 17S-T rivets machine-countersunk in 755-T sheet. The
riveted Jolints were constructed by the NACA reverse-driving umethod
of countersunk riveting; the angle of countersink was 60° aend the
depth of countersink was half the rivet dlemeter or 1.25 times the

sheet thickness, whichever was less. The results of the tests indicated

that such Joints can Pe made satisfactorily with regerd to both
flushness and strength, if the ratio of dbuck (the length of rivet-
protruding beyond the surface of tho countersunk sheet before driving)
to diameter of the rivet is kept betwesn 0.9 and 1.5. Curves are
rresented glving the rivet strength in terms of the single-sheet
thickness for Joints in which these limits have been observed.

TNTRODUCTION

The use of 17S-T rivets in the age-hardensd condlition has
usually been avolded in the past because such rivets are harder to
drive then emnnealed rivets. With the introduction of higher-strength
structurel alloys, howsver, use of stronger rivets haa become
desirable for develoning the full potential strength of & structurs,
and age-hardened rivete have in scme cases been used.

In order to provide date on the strength of age-hardened o
17S-T rivets (sometimes designated 17S-TA rivets) and also to study
the optimum length of rivet for Joining sheets of given thickness by
the NACA reverse-driving method of countersunk riveting, & series

of shear-strength end tensile-strength teasts were mede on 17S-TA rivets B

in 755-T sluminum-alloy sheet.

For ccmpletensss, this report includes full details of test
speclmens, test procedurs, and date obtained. If, however, the

reoader does not wish to concern himself with these details, he is
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referred directly to figure 3 which shows the procedure for driving
the rivets, to figure 19 vhich summarizes the significant results,
and to the Conclusions.

assembled with one 17S~TA rivet, as shown in figurs 1.

TEST SPECIMENS

The specimens used in the tenslle-strength teste consisted
of two shcets of 7T55-T aluminum alloy of eoqual nominel thicknesses

The shear

gpocimens conslsted of two sheets of 758~T aluminum alloy of uvqual
nomlnal thicknesses assembled into a lap Joint by two 17S-TA rivets

as shown in flgure 2.

of lunserting a round-head rivet into the uncountersunk end of the

The NACA flush-riveting procsdure (sve Tig. 3) was used in
the preparation of the spocimens.
procedure is gilven in reference 1.

A complete discussion of this

Briefly, the method consists

hcle and upsetting the end of the shenk into the countersink.
oxcess materlal is milled off with a flush-rivet milling tool similer

to—the one shown in figure 20 of reforsnce 1.

present program wore squeszed hydreulically.

times the sheet thickness, vhichever was loss.

The

All rivets in the

The depth of countersink wes helf the rivet diamoter or 1.25.

The angle of—

countersink was 60° and the veluse of the variables for which tests

were made ars glven in the following table.
specimons were tested for cach combination of variables for which

an "x" appears.

Shear and tensile

Rivet Sheet thicknoess
diem=-|{Rivet (in.)
atar |lengthi-— . . -
(in.)| (in.)|0.020/0.032|0.040} 0.051] 0.064 0.081 0.091]0.102| 0.125/0.156,
/841 1/4 i x x x x x
5/16 x x x| x x
5/32] 1/L x X x x x x
5/16| x x x x | ox X x
3/8 x X X X X X X x
7/16 1z x x x X x x
1/2 X X x X x x x x x
3/16 /4 | x x x x x
5/161 x x x X x
3/8 x X X X x x x x
7/16{ x X, x X x x x x
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TEST PRCCETURE -

The test procedure for the tensile specimens was the same asg
thet described In refersuce 2. The specimens were mounted in the
fixtures which are shown in figvre 4. The small rods on each of
the fixtures pass through the noles in one of the sheets of the
specimen and bear sgainet the other sheet. When load is applied,
the rods push the sheets agpart ani thus subjJect the rivet to tensile
load. These specimens wcre loaded ab the rate of 400 pounds per
minute until fallure, and the meximum loed was recorded.

The test procedure for the shear specimens was essentially the
sene as ‘that described in reference 3. Loads were applied through
Templin grips. The slip of onc sheet with respect to the other was
meagur.d at the edges of the sheets opposite the riveted Joint by
means of two optical micrometers, one on each side of the specimen,
as shown in figure 5. The specimens were subjected to alternate _
applicatlan and release of load; the load, however, was never released
below a "zero" value of 50 pounds. The permanent slip that remained
after each application of load was recorded, as was also the load
causing fallurs.

All tests wers conductsed in the 100,000 ~pound-capadity testing
mechine in the Langley structures rosearch laboratory. The loads
indicated by thils machine ars within one-helf of one percent of the
true loads. The sensitivity of the optical mlcrometers used for
reading sllp is approximstesly 0.0002 inch.

Prior to rumning eny test, the spscimen was eXamined and an
appralsal wes made, based on the appearance of the countersunk
head, as to whether the rivet had been too long, too short or
satisiactory for producing & good flush surface.

EESULTS AND DISCUSSION

Results of the tests are given in tables 1 tc 3. The
yield load in thesec tebles is arbitrarily defined as the shesr load
per rivet required to produce & permenent slip squal to 4 percent
of the rivet diameter; this definition of yield lced is the same
as that used in reference 1. The three types of fallure indicated
In the tables are illustrated by figures & to 8. In order to
show the general tightnoss characteristics of the rivets, load-slip
curves for all the shear specimens are given in figures 9 to 11.
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The test results are also presented graphically in figures 12
to 1k, in which loads in shear and in tension are plotted aegalnst
ihe singlse-sheet thickness for each rivet dilamster end lsngth.

In order to avold unnecessory confusion of the test points, only
en everage value of yield load ls plotted for each sheel thickness.
The curves for maximum load sre shown as solld lines cover the
range for which the appreisal before testing indioated that the
rivet length was satisfactory. '

If a rivet 18 too short, it doss not provide enough material to
fill the countersunk cevity; if a rivet is too long, it tends to
buckle to one gide in driving and leaves an unfilled space on the
opposilite side of the countersunk cavity. In oither case +the resuliing
rivet is not pegrfectly flush. Thoe roguiremont of flushness consequently
sets limite on the rangs of shecet thickness over which a glven rivet
longth should beo used. A minimum wiich these limits may assume 1s
indicated by the extent of the golid .lines in figures 12 to 1h.

Those solid lines for sach rivet lensth are replotted in figures 15
to 17, which show that the appraisal made on the basis of flushness
was evidently sufficlent to eliminate any rivet the strength of which
waa abnormally low in comparison with the mailn trends of the results.
The solld lines thersfore denote a renge within which the rivets

are satlsfactory with regard to both flushness and strength. These
ranges are shown in figure 18 as horizontal linos for esch rivet
diemetor and length (where tension end shear specimons indicate
differsnt ranges, the smaller range was used). Grip length (double-
sheet thickness) is usod for the sbscissa in figure 18 rather then
sheet thickneds to facilitate sasy culculation of buck (rivet length
minus grip length).

A study of the data indicated that the limits for obtaining
satisfactory rivets corresponded roughly to constant ratios of buck
to dlameter of the rivet. The limiting buck-to-diameter ratios
were found to be epproximately 0.9 and 1.5 for ell the dlameters.
In selecting the limits, 1t was teaken into consideration that the
horizontel lines in figure 18 reprssent only minimum ranges that—
could prcbably be extendsd in several ceses if additiocnal test
data were availehlis.

In order to show the shear and teonsile strengths that-are
achleved with 17S-TA rivets in 75S-T sheet when tho buck-to-dismeter
ratio 1s within the limits given, a single curve was feired through
vach of the composite curves of figures 15 to 17, exd the
single curves are plotbted in figurs 19. Avercge curves fox the
yield load in sheer are also shown. Figure 1§ indicates that, with
a buck-to-dlemetor ratio in the given optimum rengo, the shear Joints
were romerkebly tigut, es the yield loed is in no case substantially
less than Q0 vercent of the failing load.

~
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CONCIL.USIONS | Col

Tensile-strength and shear-strength tests were made on riveted
Jointes constructed by the NACA reverse-driving method of countersunk
riveting with age-hardened 17S-T rivete (scmetimes designated
17S-TA rivets) in 75S-T shoet; the angle of countersink was 60° and
the devpth of countersink was half the rivet dlameter or 1.25 timoes
the sheet thickness, whichever was less. The rosults of the tests
indicated that such Joints can be madse satisfactorily in regerd to
both flushness end strength if the ratio of buck (the length of
rivet protruding beyond the surface of the countersunk sheet before
driving) to diamoter of tho rivet is kept betwsen 0.9 and 1.5.
Curves ere presented giving the rivet strength in terms of the
single-sheet thickness for Joints in which theseo limits have bean

obaerved.

Langley Memcrial Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va., October 18, 19u6
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TEST RESULTS FOR AGE-HARTENED 17S-T RIVETS MACHINE-COUNIERSUNK IN 75S-T SEEET.

TABLE 1

RIVET DIAMETER, 1/8 INCH.

Tension Shesar
Sheet Appraisal | Type of -| Meximm Appraieel Type of Yield Meximm
thickness before failure load before failure load load
test per rivet test per rivet per rivet
(in.) (=) 1b (2) () (1b)
Rivet length, 1/hk in.

0.020 ||Satisfactory 1 160 Satisfactory 1 240 2Lo
.020 ~====fgo-==m- 1 140 --==sgge=--- 1 220 230
.020 ----—do=->-= 1 105 (| ----- do--=== 1 230 230
.020 et CEL L L 1 215 215
.032 1 205 R SRty 1,2 38 4oo
032 1 200 -w-=sdo=---— 1,2,3% 420 k3s
.032 1 230 || ~---- do-===-~ 1,2 375 395
.032 1 235
.0ko 1,2 205 -----do----- 3 L& L85
.0bo 1,2 05 -=-=~do=-=--- 3 435 k50
.0k0 1,2 325
:051 1,2 520 —e=enlo==--- 3 370 ks
.051 1,2 3% —emm-do-m=- 3 Ego ﬂg
.051 1,2 375 meme-dg--~-- 3 TO
064 2 645 m—e=cdo--=-- 3 50 555

- .06k 1,2 610 es==-jo-=--- 3 :% 510
.06k 2 %90 emmasdo-~-=-= 3 570

Rivet length, 5/16 in. =

0.051 Satisfectory 2 330 Satisfactory 3 865 600
051 ~e===do===== e 370 =====dore=-- 3 505 . 505
051 |} eem-- do===== 2 370 =====do====- 3 ] k10
K A | R do=m===] 2 620 -=-=-dp-=--= 3 555 570
.06k L 3 515 555
081 m==-=do=-=-= 3 g “ ----- do=~==~ 3 610 6k0
.081 memendgmenn= 2 m===cdpe=nn= 3 ks 590
081 —eeccdp==n== 2 840 m—meedo===== 3 510 =60
091 -====do===== 2 975 mm——edgmm——- 3 590 640
091 -=m=mdg=m==-- 2 80 . ~==m=do==r== 3 580 550
091 =v===do==== 3 510 550
102 m=ee=do===-~ 2 900 || ===-- do===-= 3 615 630
102 =====do==n== 2 950 sm==mdoeman- 3 575 €00
.102 -=e=sdgmmns- 3 950 || ===-= do==->= 3 650 660

_ ®Fatlure types identified in figs. 6 to

w

NATIONAL ADVISORY

COMMITTEE FOR AFRORAUTICS
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TABLE 2 . -

* TEST KESULTS FOR ACE-BARDENED 178-T RIVETS MACHINE-COUNTERSUNK IN 758-T SEEET.
RIVET DIAMETER, 5/32 INCH. )

y» Tension Sheaxr

Bheet Appraisal |Type of | Maximm Appraisal  |Type of Yield Maximm

thickness bofore failure 1oad Defore railure 1cad load

test per rivet tast per rivet | per rivet
(in.) (e) (1) (a) {2b) (1)
Rivet length, 1/h in.

0,020 Satigfactory | 1 180 Satlefactory| 1 270 270
020 memmedoumnns 1 9% wemmcdp=mnan 1 290 290
020 cmemrdpumnes b 130 memasgomemma]l 1 310 310
032 mem-do==-== b 230 —emesdoe=ae=| 1,2 ¥70
032 m===mdo-mem- 1 225 mmmmefommnn- 1,2 455 k5%
032 =eummdom--ae |1 2085 mm=mandpmmn-- 1,2 70 70

. Ok =ve-sfp=-=== | 1 385 -=emeedgemms 2 "fgg 765
.0k0 memergpmanea | 1 350 amamcdo-==n=| 2 700
040 svmmcdgmenn- 2 koo e I B T40 170
051 "eemedommen= 1,2 t’ro =e=ecfom=m=c| 3 3 &0
051 memendoumsm= 1,2 %0 =emandgennn 3
051 =eescdommem- 1,2 510 cemmadgeaeas 3 ZJ.D Rg
o6k mmme- do===== 2 memnndpema==] 3 780 &5
.06% ceemdoe-me= | 1,2 645 ememadg=em--f 3 688 TI0
06k “emmcdorae== | 1,2 ™5 LIt LIRS S 910 920
0 mmeesfgueem~ 2
102 cemccdgmemnn 2 1550 Short 3, 20 80
102 Short 2 1190 =do== 3 700 &0
102 ~do==- 2 1085 ~do-= 3 %0 83
.02 ~do=-- 2 185

Rivet length, %/16 in.

0.020 Long 1 200 Satlefactory 1 elo 20
020 Satisfactory 1 1 memasdgeen== 1 =14} 260
.020 Long 1 Al ~==a-do====-] 1 250 250
032 Satisfactory | 1 265 memsedo==em=} ) 350 koo
.032 1 240 —es=asdp=vn=- 1 385 koo
032 1 205 mmcasdpessmsf 1 355 ko
.051 1 400 . e I T35 830
051 1 420 3 745 &0
.ogl 1 48 3 %0 80
061k -] &8 3 960 1000
06k 2 68 3 5 850
06k 1,2 T20 3 30 900
L06h 1,2 T20
081 2 985 3 & 810
.08L 1,2 1110 3 30 860
081 1,2 1015 3 s 80
091 2 1140 3 8% 905
091 2 1205 3 &0 &5
.091 2 127 3 ™5 &0
-185 2 1375 Short 3 780 &m0
125 2 1120 “do== 3 60
2125 2 132% o> 3 570 %

a .
Failure types identified in figs. § toc 8. ) ) ’ -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 2- Continued.

TRST RESULTS. RIVET IIAMETER, %/32 INCH.- Continusd.

Tension Shear

Sheet Appreisal Type of Maxizmmm Appraisal |Type of | Yield Maximm

thickness || pagare failure load befors |fatlure load locad

test per rivet tont per rivet per rivet
(in.) (a) (1p) (a) (1v) (1)
Rivet length, 3/8 in

0.020 Satiafactory 1 100 Long 1 28 28 °
020 Long 1 120 -do~ 1 215 220
.020 Satisfactory 1 100 ~do~ 1 230 230
.020 ~do=- 1 225 225
032 1,2 210 1 48
.032 iy 215 1 380 oo
032 1 210 1 25 350
051 1,2 20 3 780 8%0
051 12 525 3 780 850
051 1,2 185 3 780 &5
06k e &0 3 70 840
064 e TOO 3 35 &5
.06k 2 50 3 730 &0
081 mememdo=me-- e 3 905
of Mo o2 | oEp ey | Bl
.0 mmcemdgmeee= 2 1085 wmeemgoe=-=- 3 8% 930
102 mmemafpmevee 2 1545 m=e--dg-===4 3 20 950
102 me=umdge-wn- 3 J.Eoo —emmeig==~=-] 3 &5 900
102 c===dg=-we= 2 k50 ===--dg=-=-=- 3 &0 sko
<102 ===--do=~~-7 3 &70 9%
-125 Shert 2 153% cemaafgen=-] 3 85 80
2125 ~~do- 2 14%0 short 3 865 &5
125 Batisfactory -] 130% ~=d0= 3 a5 8
156 Short 2 10%0 ~=do~- 3 T20 845
156 --do~ 2 915 S 3 50 &0
156 ==do- 2 -=do= 3 ™0 850
156 ~-do~ 3 735 &0

Rivet length, 7/16 in -

0.050 Leng 1 360 Long 1 320 530
0ho =do~ 1 540 -do- 1 195 s
«0ko =~do= 1 k15 2o~ 1 330 530
064 -3o- 1 48 -do- 3 00 915
06k ~&o~ 1 650 -do- 3 600 80
. -do- 1 ¥70 ~do- 3 T80 8%
.Ogl Satisfactory 1,2 1615 -do- 3 7% &5 ~
.081 Long 1 -do~ 3 5 900
081 ~do= 1 s 3o 3 68 850
091 Satisfactory 2 1403 satisfectory 3 &o &0
091 commmfgrecan 2 1225 —=ecfpwa=-- 3 780 8%
091 wmemedgem-—= 2 1125 ~===do==== 3 20 8s0
102 P - B e 2 1600 wmesedg=w==aq 3 810 80
2102 memenigeme—- 1,2 1212 semcedgme==q 3 375 §00
102 ~mmemfgee——~ 2 1 =meeodge=a=q 3 3% 925
125 R P 3 1460 emmmedom=-n{ 3 %20 520
.125 mmeesdoummen 3 ﬁg ~e=medgm===d 3 860 930
128 cmmeedgme—e~ 2 =memedgo====q 3 &0 80
156 Short 3 1510 Short 3 25 960
156 Batigfactary 3 1ks0 ~=do= 3 900 970
156 Short 3 1510 =-=do= 3 915 970

®Fatlure types identified In fige. § to 8.

COMMITTEE FOR ATRONAUTICS

NATIONAL ADVISORY
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TABLE 2~ Concluded.
TEST RESULTS. RIVET DIAMETER, 5/32 INCH.- Conoluded.

Tension Shear
Sheet Appraisal Type of Max {mum Appraipal Type of Yield Maximm
thickness ‘before failure load - before fallure load load
test por rivet test per rivet | per rivet
(1n.) (=) (1b) () (1v) {1v)
Rivet length, 1/2 in.

0.020 Long 1 90 Long 1 15 200
020 ~do- 1 8 ~do= 1 155 18
020 ~do=- 1 75 ~do=- 1 105 145
032 =do- 1 140 ~do~ 1 38 4o
032 ~do= 1 185 ~do- 1 240 3%0
0 ~do~ 1 155 ~do~ 1 250 350
081 ~do= 1 205 ~do- 1,3 2 58
051 ~do~ 1 100 ~do- 3 2 6%0
051 ~do~ 1 260 “do= 3 300 600
06k ~do~ 1,2 305 ~do- 3 2@ T20
06k ~do~ 1 00 -do- 3 2 ™0
064 -do- 1 610 -do- 3 265 T20
081 =do= 3 T10 -do- 3 40 935
081 -do~ 1 950 -do- 3 615 a0
081 -do- 3 1170 ~30- 3 540 50
091 Betisfactory 2 1019 ~do- 3 640 810
091 Long 1 Satisfactory 3 6% Eso
091 -do= b 88o =memnmipomenes 3 Tho 15
.02 -do- 1 8rs Leng 3 815 850
102 -do- 3 1390 Satisfactory 3 E 810
102 -do~ 1 - 1290 macendpemnan 3 905
125 Satisfactory 2 1810 j| =w=-- do=nun= 3 810 815
225 ] ameem do~=~==~ 2 g0 ] eeee- dowunn~ 3 910 950
125 memssgomns-- 2 1365 me-emdovmeow 3 850 905
156 || ====-do~-=-- 3 1525 m===-do===== 3 9713 995
156 ~e==mjoemum. 3 1410 -=-==dp=--~= 3 950 960
2156 [} ===en do=-==~ 3 1385 “=-e=do==w=-= 3 9% 1000

®Failure types identified in figs. 6 to 8.

NATIONAL ADVISORY
COMMITTEE FOR AEROWAUTICS
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TABIE 3

TEST RESULTS FOR AGE-HARTENED 175-T RIVETS mcmm-connmsm nt 75er EHEET. \
RIVET DIAMETER, 3/16 INCH.

Tension Shear
Sheet Appraisel Type of Meximum Appraisal Type of Yield Max imum
thickness before fallure load ‘berore feilure loz2d load
test per rivet test per rivet per rivet
(in.) (2) _ | () () (1b) (1b)
Rivet length, 1/4 in.

0.020 Batisfactory 1 90 Satisfectory 1 270 270
020 e CEL LT 1 1k ===--do-=-=-- 1 270 270
020 (] meae do=n~=~ 1 18 ~m=esdoe=-~- 1 270 270
032 memmedge=e- 1 28 ~=mecdg-=me= 1,2 585 585
.032 —=mm~=dg=r=—= 1 240 ~mmeadgmcan= 1 550 550
.032 e I 1 235 =emmedoe=ne= 1,2 550 550
<051 —-ce—do===-- 1,2 500 ~=-==do--=== i,2 980 . 9%
051 -ee==dge==n- 1 530 wememedomma== 1,2 1000 1025
051 ~=em=dg=~=u- 1 500 c=emmdgm-~=- 1,2 910 955
081 Short 1
.ogi. ~do=- 1 233 Short 33 13';8 195
0 -do-~ 1 - :

-081 -do-- 1 Zo o 3 1050 1isa

.102 ~do-- 2 870 ~do== 3 T10 1070

102 ~do-- 2 310 ~do-~ 2,3 ko 1050

.102 -do-~ 2 760 -do-- 8 1090

102 ~do-- 3 7 1065
Rivet length, 5/16 in.

0.020 Satisfactory 1 90 Satisfactory 1 270
.020 -m==-do===—= 1 165 -==--jo-~===- 1 25 230
020 m--==do----~ 1 160 -==--do-=-=~ 1 300 300
032 . IR 1 250 ~-m-—domme== kR 540 540
032 ~=m=mdg===—n 1 2i5 ~~=-=go==~=~ 1 360 390
.032 m==medo===== 1 225 -=mmado=~==~ 1 500 500
.0ko e 1 320 -e-=-fo====~ 1 650 720
Oko f ----- do==~-~ 1 300 meem=jo=e=-= 1 T goho
Rt "o | IEELE do==~== 1 300 e 1 T 5
Ok [f ==--- do==~=~ 1 390
051 =-=--do==-== 1,2 700 -se-=do-==-~ 1 900 9%
051 ~=~-=do=-===-~ 1,2 L8 —-==-do==-== 1,2 910 950
.051 ~===~jo====~ 1,2 k70 =mm=edo-=-=~~ 1 935 1010
051 ====edo~~==-=~ 1,2 %60 g
.06k ====edo===== 1,2 710 -----do-=--- 3 1110 1160
064 ~em—edo==== 1,2 E_)Lg =-me=do-==== 3 960 1060
.06k et L 1,2 et CELEEL 3 1170 1170

" -
Failure types identified in fige- 6 to 8.

NATIONAL ADVISOERY
COMMITTEE FOR AERONAUTICS
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TABLE 3 - Concluded
TEST RESULTS. RIVET DIAMPIER, 3/16 INCH.- Concluded.

Tenaion Shear
Sheet Appreissl Type of Maximum Appraigal Type of Yield Meximm
thicknese befare fatlure load before failure load load
teat por rivet test per rivet yeor rivet
(in.) | (a) (1v) (e) (1p) (1b)
Rivet length, 3/8 in. .

0.020 Leng 1 & || Long 1 0 305
.020 ~do- 1 200 -do- 1 363 360
020 Batisfastory 1 k5 -0~ 1 345 3k
020 Long 1 8
03 Satisfactory 1 260 Satisfactory 1 =8
032 mem=aggemen- 1,2 2% memecfoneen" 1 530 530
032 Long 1 350 mm=msdome==s 1 570 570
.olo Satisfastory 1 348 ~m==edgn--=~ 1 78 790
.0ko -----d.:‘?---- 1,2 405 Eabi: CLEL 1 5 760
. 1 375 et FRL L 1 760

2 550 sumemdgeemre 1,2 95 1030
2 Eeo memmefonmm=n 1 1015 043
2 70 ~meem)om===- 1,2 945 1030
2 &5 Eabbl PRI 3 1075 1k
1,2 915 ==m=edo~nn== 3 1100 1185
1,2 ous R ) 3 1035 2145
2 1070 L FOELEL 3 1260 1345
1,2 1220 me=a-oreme= 3 1115 1140
1,2 178 EELEE PEEEES 3 1125 12%0
2 1&0 EELOL PEELTES 3 1000 1115
2 2 ==ma=dgme--- 3 1220 1300
2 1kgs ===amdgmemas 3 1180 127%
2 1fen 8hort 3 1020 1275
] 120142 ~=~30= 3 ﬁsg 12!
2 1 ~-do- 3 12
Rivet length, 7/16 in.

0.020 Long 1 63 Long 1 300 300
020 “Go~ 1 125 -do- 1 300 300
020 ~do~ 1 15 ~do- b 320 30
032 -do~ 1 -do- 1 615 ]
032 -30~ 1 1us =20~ 1 585 610
032 ~do~ 1 290 ~do- L1 T00 700
064 Batisfactory 2 833 1,2 1100 1200
«06h Long 1 17 2,3 . 90 1100
.06k Setisfactory 2 90 3 1060 1200
064 3 1060 1245
064 3 13% 1405
08 || -~ do-====- ] 1150 3 1100 11
L0861 cemvedomemmn 2 1110 3 1000 12
081 |f -m-vedomnnnn 2 1100 3 1100 1250
.01 [ P y— 2 1550 3 1070 12ko
091 memvedgamann 1,2 1370 3 1100 1160
Q091 -m==-domme- 2 1400 3 1080 115%
ace || =--- dommnmn 2 50 3 L1%0 1260
02 memmadomenee 2 1%50 3 130 1200
J02 meeemfounte 2 375 3 1050 11
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Figure I - Tensile specimen.
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Figure 2. - Shear specimen.
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Figure 3.- NACA flush-riveting procedurs.
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Figure 4. - Fixtures and specimen for tensile
tesfts.
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Figure 5.- Method of measuring slip In shear
. tesfts.
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Fig. 6

Figure 6.- Type 1 failure; countersunk head pulls through sheet.
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Figure 7.- Type 2 failure; countersunk head shears off.
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Figure 8.- Type 3 failure; rivet fails in shank.
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Figure 9.- Load-sljp curves for age-hardened |7S-7 rivers machine-
countersunk in 75S-T sheetr. Rivet diameter, 5/ inch.
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Figure 10. - Load-sljp curves for age-hardened 175-T rivets machine-
countersunk in 75S-T sheet Rivet diameter, 33 inch.
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Figure [Il. - Load-slip curves for age-bardened [75-T rivets machine-
countersunk in 75S-T ‘sheet Rivet diameter, 7451 inch.
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(a) River /9797‘/;, 4—/ inch.

Figure 12.- Test results for age-hardened [175-T rivets
machine -countersunk in 753-T sheet. Rivet
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Figure [3. ~Continued.
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(c) Rivet length, g inch.

Figure [3. - Continued.
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Figure 13.- Continved.
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(a) River length, 4—I inch.

Figure 14.-Test results for age-hardened [175-T rivets
machine -countersunk in 75S8-T sheet. Rivet
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Figure 14.- Continued.
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Figure 15.- Strength of age-hardened. /75T rivets ma-

chine-countersunk in [55-T sheet, with lengths

satistactory for flishness. Rivet diameter, 2 inch
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Figure /6.~ Stremgth of age-/zara’e/?éo’ /7S-T rivets ma-
chine-countersunk in 753-T sheet, with lengths
satistactory for-flushness. Kivet diameter; 3-% inch.
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Figure 17.-Strength of age-hardened 17S-T rivets ma-
chine -countersunk in 753-T sheet, with lengths

satisfactory for flushness. Rivet diameter, 7% inch.
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Figure 19 - Strength of age-hardened [75-7 rivets ma-~ -

chine-courntersunk in 75S-7 sheet, with a ratio
of buck to diameter in the optimum range,
betweern Q08 and 1.5.




